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(57) Abstract: A washing machine comprising a water tank and 
a washing tub thereinside to snpply water to the washing tub via 
a water supply port having a detergent chamber and a finishing 
agent chamber thereinside. The main water supply valve of wa- 
ter supply valves is connected with the detei^ent chamber, and a 
sub-water supply valve with the finishing agent chamber. An ion 
elution unit, disposed between the main water supply valve and 
the water supply port, applies voltage between electrodes to elute 
the ions of eleclrode-conslituting metals. The main water supply 
valve opens during a rinsing step, and the sub-water supply valve 
opens a specified time after metal ions as a first finishing material 
are charged into a rinsing water to charge a finishing agent as a 
second finishing material into a rinsing water. 
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The principal feature of the present invention is the timing with which metal ions are 
added. Now, this feature will be described with reference to the flow charts shown in Figs. 
10 to 13. 

The sequence shown in Fig. 10 is executed in, among the rinsing processes S400 
5 executed in the flow shown in Fig. 3, the final rinsing process. That is, when the final 
rinsing process is started, then, in step S41 1, whether or not addition of metal ions is selected 
is checked. If "addition of metal ions" is selected through a selection operation performed 
via the operation/display panel 81, the flow proceeds to step S412; if not, the flow proceeds to 
step S414. 

10 In step S412, the main water feed valve 50a is opened so that a predetermined amoimt 

of water is passed through the ion elution imit 100. Simultaneously, the drive circuit 120 
applies a voltage between the electrodes 113 and 1 14 so that ions of the metal of which they 
are formed are eluted into the water. The water containing the metal ions is fed via the water 
feed mouth 53 into the washing tub 30. 

15 When a predetermined amount of water containing metal ions has been fed, and the 

concentration of metal ions in the rising water has reached a predetermined level, the main 
water feed valve 50a is closed, and the application of the voltage between the electrodes 113 
and 114 is stopped. 

Next, in step S413, the rinsing water is agitated to promote contact between the 
20 laxmdry and the metal ions. The agitation lasts for a predetermined period of time. 

The agitation of the rinsing water after its mixing with water containing metal ions 
may be achieved by initial agitation, whereby the rinsing water and the laundry are agitated 
by the pulsator 33 for a predetermined period of time (and with considerable intensity as in 
ordinary rinsing), followed by complete rest or mild agitation. Through such initial agitation 
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of the laundry together with the rinsing water mixed with water containing metal ions, it is 
possible to permit the metal ions to be distributed all over the laimdry. By thereafter keeping 
the laundry and the rinsing water at rest, or mildly agitating them, it is possible to permit the 
metal ions to firmly attach to the laundry. Moreover, by first powerfully agitating the 
5 laundry together with the rinsing water after its mixing with water containing metal ions so 
that the metal ions are distributed all over the laundry and then keeping them at rest or mildly 
agitating them, it is possible to alleviate the load of the motor 41, which performs agitation, 
and thereby reduce power consumption. 

Depending on the type of laundry, the laundry, instead of being subjected to initial 

10 agitation, may be left dipped in the rinsing water mixed with water containing metal ions for a 
longer period of time, for example about 30 minutes to one hour. This helps not only to 
make the laundry resistant to microbes by letting metal ions attach to it, but also to kill 
microbes and mold present in the laundry and the water. Such "long-time dipping" may be 
one of the choices that can be selected in the rinsing process (or washing process). "Long- 

15 time dipping" helps even to kill microbes and mold present in laundry contaminated with 
bacteria (for example, clothes and linens used in hospitals, and those used outside hospitals 
but soiled with stool or contaminated with colon bacilli) and laundry infested with mold (for 
example, curtains used in modular baths). 

Moreover, "long-time dipping" helps also to kill microbes and mold present in water 

20 that is, unlike tap water, not sterilized with hypochlorous acid or the like, for example rain 
water, stored water, or bath water left overnight, and that is thus likely to be contaminated 
with bacteria. This permits such water to be used safely in laundry washing. 

Next, in step S414, whether or not addition of a treatment agent is selected is checked. 
This check step may be executed earlier on. For example, the check may be made in step 
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S41 1, i.e., simultaneously with the check of whether or not addition of metal ions is selected 
or not. If "addition of a treatment agent" is selected through a selection operation performed 
via the operation/display panel 81, the flow proceeds to step S415; if not, the flow proceeds to 
step S406. In step S406, the pulsator 33 is rotated repeatedly in the forward and then reverse 
5 directions at short time intervals. This permits the laimdry to loosen, and thereby permits it 
to spread evenly in the washing tub 30. This is done in preparation for squeezing rotation. 

In step S415, the sub water feed valve 50b is opened, and water is passed through the 
treatment agent chamber 55 of the water feed mouth 53. If a treatment agent has been put in 
the treatment agent chamber 55, the treatment agent is fed, together with the water, into the 
10 washing tub 30 through the siphon 57. The effect of a siphon does not occur until the water 
level inside the treatment agent chamber 55 reaches a predetermined level. This permits the 
liquid treatment agent to be held in the treatment agent chamber 55 until the time comes when 
water is poured into the treatment agent chamber 55. 

When a predetermined amoimt of water (so much as or more than to cause the effect 
15 of a siphon to occur in the siphon 57) is poured into the treatment agent chamber 55, the sub 
water feed valve 50b is closed. This step of feeding water, i.e., adding a treatment agent, is 
performed automatically irrespective of whether or not a treatment agent has been put in the 
treatment agent chamber 55 so long as addition of a treatment agent is selected. 

Next, in step S416, the rinsing water is agitated to promote contact between the 
20 laundry and the treatment agent. The agitation lasts for a predetermined period of time. 
The flow then proceeds to step S406. 

In the above sequence, it is a predetermined period of time after addition of metal ions 
to the rinsing water that a treatment agent is added to the rinsing water. If metal ions and a 
treatment agent (softening agent) are added simultaneously to the rinsing water, the metal ions 
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react with ingredients of the softening agent, resulting in a diminished antimicrobial effect. 
By contrast, according to the above sequence, it is after the metal ions have firmly attached to 
the laundry that the treatment agent is added. This prevents the metal ions from reacting 
with ingredients of the treatment agent, and thus permits the metal ions to remain on the 
5 laundry while maintaining a satisfactory antimicrobial effect as expected from metal ions. 

It is preferable that the electrodes 1 13 and 1 14 be formed of silver, copper, or an alloy 
of silver and copper. Silver ions eluted from a silver electrode offer an excellent sterilizing 
effect, and copper ions eluted from a copper electrode offer excellent resistance to mold. 
From an alloy of silver and copper can be eluted silver and copper ions simultaneously. 

1 0 Silver ions are positively-charged ions. Laundry is negatively charged in water, and 

therefore the silver ions are electrically absorbed by the laundry. Absorbed by the laimdry, 
the silver ions are electrically neutralized. This makes it difficult for the silver ions to react 
with chloride ions (negatively-charged ions) contained in a treatment agent (softening agent) 
as its ingredients. Here, it takes time for the silver ions to be absorbed by the laundry, and 

15 therefore it is necessary to secure a certain length of time before addition of the treatment 
agent. For this reason, after addition of silver ions, agitation is performed for 10 minutes. 
After addition of the treatment agent, it suffices to perform agitation for three minutes. 

The metal ions are fed into the washing tub 30 through the main water feed pipe 52a 
and then through the detergent chamber 54. The treatment agent is fed into the washing tub 

20 30 from the treatment agent chamber 55. Thus, the passage through which metal ions are 
added to the rinsing water is separate from the passage through which a treatment agent is 
added to the rinsing water. This prevents the metal ions from passing through the passage 
through which the treatment agent is added to the rinsing water, and thereby prevents the 
metal ions from making contact and reacting with the treatment agent remaining in that 
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passage to form compounds and lose their antimicrobial effect. 

Moreover, according to the above sequence, the rinsing water is agitated each time 
that the metal ions and the treatment agent are added. This permits the metal ions and the 
treatment agent to attach evenly and firmly to the laundry. 
5 Moreover, according to the above sequence, addition of metal ions is optional, and, 

when addition of metal ions is not selected, a treatment agent is added at an early stage in the 
final rinsing process. This helps reduce the time required to go through the final rinsing 
process to equal to the time required to attach the treatment agent to the laundry. Moreover, 
by agitating the rinsing water, it is possible to attach the treatment agent to the laimdry evenly 
10 and firmly. 

Moreover, according to the above sequence, irrespective of whether a treatment agent 
is present in the treatment agent chamber 55 or not, the action by which to add the treatment 
agent is executed whenever the treatment agent is supposed to be added. Thus, the user need 
not necessarily choose whether to add the treatment agent or not expressly; that is, when the 
15 user chooses not to add the treatment agent, the user can simply leave the treatment agent 
chamber 55 empty. 

Moreover, according to the above sequence, addition of metal ions and addition of a 
treatment agent can both be inhibited so as not to be executed. With this configuration, 
when neither metal ions nor a treatment agent needs to be added, their addition can be 
20 inhibited so as not to be executed. This helps prevent the washing machine 1 from 
performing unnecessary actions. 

As compared with the sequence shown in Fig. 10, the sequence shovwi in Fig. 1 1 lacks 
step S41 1 (checking of whether or not addition of metal ions is selected). According to this 
sequence, whether to add a treatment agent or not can be freely chosen, but metal ions are 
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always added. 

As compared with the sequence shown in Fig. 10, the sequence shown in Fig. 12 is 
modified in the following respects. Step S421 (adjustment of the water level) is executed 
before step S412 (feeding of water containing metal ions). Likewise, step S422 (adjustment 
5 of the water level) is executed before step S415 (addition of a treatment agent). These 
modifications are made for the reasons stated below. 

Addition of metal ions is achieved by feeding water containing them. Likewise, 
addition of a treatment agent is achieved by feeding it together with water. This inevitably 
results in a rise in the water level inside the washing tub 30. When the water level inside the 
10 washing tub 30 is already high, adding metal ions or a treatment agent may cause water to 
overflow the washing tub 30. Such an overflow lets the metal ions or treatment agent be 
drained unnecessarily, and may even annoy the neighborhood with the noise of the 
overflowing water. 

To prevent these inconveniences, in step S421, the drain valve 68 is opened before 
1 5 addition of metal ions to drain a little water. The amount of water drained here is equal to or 
smaller than the amount of water containing metal ions that is going to be fed in, and is such 
as not to cause water to overflow the washing tub 30. In step S422 also, the drain valve 68 is 
opened before addition of a treatment agent to drain a little water. The amount of water 
drained here is equal to or smaller than the amount of water containing a treatment agent that 
20 is going to be fed in, and is such as not to cause water to overflow the washing tub 30. 

As compared with the sequence shown in Fig. 12, the sequence shown in Fig. 13 is 
modified in the following respects. Step S414 (checking of whether addition of a treatment 
agent is selected or not) is executed first so that, if addition of a treatment agent is selected, 
the flow proceeds to step S41 1 (checking of whether addition of metal ions is selected or not) 
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and, if not, the flow proceeds to step S406 (even spreading of the laundry). 

If, in step S411, "addition of metal ions" is found to be selected, the flow proceeds 
from step S421 (adjustment of the water level) to step S412 (feeding of water containing 
metal ions) to step S413 (agitation) to step S422 (adjustment of the water level) to S415 
5 (addition of a treatment agent) to step S416 (agitation). If, in step S41 1, "addition of metal 
ions" is found not to be selected, the flow proceeds from step S422 (adjustment of the water 
level) to step S41 5 (addition of a treatment agent) to S41 6 (agitation). 

According to the sequence shown in Fig. 12, addition of metal ions is permitted only 
when a treatment agent is added. 

10 Fig. 14 shows the resuhs of experiments. Four experiments were conducted. The 

conditions common to all these experiments are as follows. The amount of cloth washed 
was 1 kg. The amount of water used was 25 L. The washing session went through the 
following sequence: "washing, then first-time rinsing (stored-water rinsing for three minutes), 
then final rinsing (stored-water rinsing), and then squeezing." During the step of final 

15 rinsing, addition of water containing metal ions and addition of a treatment agent were 
executed under varying conditions. The conditions under which the metal ions and the 
treatment agent were added in the different experiments are shown in the flow charts shovra in 
Figs. 15 to 17. In all the experiments, the metal ions were silver ions, and the treatment 
agent was a softening agent. 

20 In experiment No. 1, as shown in Fig. 15, water containing silver ions and the 

softening agent were added simuhaneously at the start of the finial rinsing. Specifically, at 
the start of the final rinsing, water was supplied via both the main water feed valve and the 
sub water feed valve, and simultaneously a voltage was applied between the electrodes of the 
ion elution unit so that the concentration of silver ions in the rinsing water was 90 ppb. 



